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Effects of Generation of Immigration on Overweight in Canadian Youth
Elizabeth Quon
Research has shown that the prevalence of overweight in recent immigrants
increases with time spent in North America; however, there is a lack of research on
overweight in Canadian immigrant youth. The purpose of the current study was to assess
the relationship between generation of immigration and overweight in Canadian youth,
and to examine the influence of various risk factors (acculturation, ethnicity,
socioeconomic status) on this relationship. Longitudinal data from Cycles 1 to 7 of the
National Longitudinal Survey of Children and Youth were used. Children aged 6-11
years (JV= 13,657) and adolescents aged 12-17 years (N= 10,467) were included.
Generation of immigration was classified based on youth and parents' countries ofbirth.
Overweight was assessed using age- and sex-specific percentiles, based on parent- and
self-reported body mass index. Multilevel modeling was used to test hypotheses. Results
showed that generation of immigration predicted overweight in both children and
adolescents, after controlling for gender, age, socioeconomic status, and ethnicity. First-
generation immigrants showed relative weight gain between childhood and adolescence.
The effects of acculturation on overweight depended on generation of immigration. This
research suggests that consideration of generation of immigration and the acculturation
process are important for obesity prevention strategies in Canadian youth.
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1Effects of Generation of Immigration on Ove*rweight in Canadian Youth
Canadian youth are becoming progressively more overweight and obese
(Tremblay & Willms, 2000). Recent representative national surveys show the prevalence
of overweight to be 1 8% and the prevalence of obesity to be 8% among children and
adolescents aged 2 to 1 7 (Shields, 2006). Prevalence rates for immigrant youth are not
available; however, these youth may be at risk for weight gain. Adult immigrants tend to
have a lower prevalence of obesity when they first arrive in Canada, but their rates
increase with time spent in Canada. In the United States, first-generation immigrant youth
have a lower prevalence of overweight than second-generation immigrants. A similar
relationship may exist in Canada, but to date, no research exists to establish whether
generation of immigration is related to overweight and obesity in Canadian children and
adolescents. In addition, risk factors that may influence this relationship, including
acculturation, ethnicity, and socioeconomic status have not yet been examined.
In the following sections, an overview of the literature demonstrating that more
recent immigrants have lower levels of overweight and obesity than long-term
immigrants will first be presented. Second, research on several risk factors for overweight
and obesity across youth from different generations of immigration will be described.
Finally, the aims of the present study, which addresses some of the gaps in current
knowledge, will be explained.
Obesity in Immigrants and Non-immigrants
The "healthy immigrant effect" refers to the observation that the health of
immigrants at the time of immigration is superior to the health of the native-born
population. It is thought to result from two processes: healthier people self-select into the
2immigration process and immigration criteria select immigrants on the basis of education,
language ability, and job skills (which often co-exist with healthful lifestyles) and
stipulate that certain health status criteria are met (Hyman, 2001). The healthy immigrant
effect also refers to the observation that immigrants lose their health advantage with time.
These effects appear to hold true in Canada; adult immigrants are healthier than
native-born Canadians when they first arrive, but their health seems to deteriorate with
time in Canada, and eventually converges to Canadian-born levels. Using the 2000/01
Canadian Community Health Survey, Perez (2002) showed that immigrants had a lower
prevalence of chronic health conditions than non-immigrants. Immigrants were also
grouped according to length of residence in Canada (0-4 years, 5-9 years, 10-14 years,
15-19 years, 20-29 years, 30 or more years). The odds-ratios for reporting a chronic
condition, relative to non-immigrants, increased steadily across groups, and those
immigrants who had resided in Canada for more than 30 years were indistinguishable
from their Canadian-born counterparts. The healthy immigrant effect has also been
documented in the United States (Singh & Siahpush, 2002), the United Kingdom
(Kennedy, Mcdonald, & Biddle, 2006), and Australia (Biddle, Kennedy, & McDonald,
2006).
The underlying reasons driving this decline in immigrant health are unclear thus
far. One possibility is that the differences result from a cohort effect. In other words,
immigrants who arrived more recently in Canada may have had a better health profile
when they entered the country than did immigrants who arrived earlier. This could be the
result of evolving immigration criteria and increasing competition to immigrate to
Canada. Alternatively, the health status of immigrants may actually deteriorate with time
3in Canada. This deterioration in health may be due to acculturation, or culture change
from being in contact with Canadian culture. During the process of acculturation,
immigrants may adopt Canadian health-related behaviours, which make them more
similar to native-born Canadians and they lose their health advantage. The results from
Perez (2002) indicated that while immigrants' patterns of health-related lifestyle
behaviours (smoking, alcohol drinking, physical inactivity, fruit and vegetable
consumption) varied with time in Canada, the results did not show a clear convergence to
Canadian-born levels. In addition, after controlling for socio-demographic variables,
health behaviours did not explain health differences between immigrants and non-
immigrants.
McDonald and Kennedy (2005) argued that if lifestyle changes contribute to the
deterioration of immigrant health, then changes in excess weight should be observed over
time. Excess weight may also partially mediate the relationship between lifestyle change
and the decline in health. Therefore, are levels of overweight and obesity lower for
immigrants upon arrival in Canada compared to native-born Canadians? And do these
rates increase with time spent in Canada? Cairney and Ostbye ( 1 998) used the 1 994
National Population Health Survey to calculate body mass index (BMI) on the basis of
self-report height and weight and to determine the length of time since immigration (0-4
years, 5-9 years, 10 or more years, born in Canada). Rates of overweight (BMI above
25kg/m2) were lower for immigrants who had arrived within four years (34% for men,
17% for women) compared to immigrants who had lived in Canada for 10 or more years
(53% for men, 42% for women). Moreover, this effect was not due to other demographic,
lifestyle and health factors that are also related to BMI. By pooling the results from the
1996 National Population Health Survey and the 2000/01 Canadian Community Health
Survey, McDonald and Kennedy (2005) found that foreign-born men and women had
lower prevalence of overweight (61% and 45%, respectively) than native-born men and
women (74% and 53%, respectively). However, the probability ofbeing overweight or
obese increased gradually with additional years in Canada, reaching native-born levels
after 20 to 30 years. Finally, Tremblay, Perez, Ardem, Bryan, and Katzmarzyk (2005)
pooled results from the 2000/01 and 2003 Canadian Community Health Survey and
showed that recent immigrants (10 years or less in Canada) had significantly lower
prevalence of overweight (BMI between 25 and 30kg/m2) and obesity (BMI above
30kg/m2) than long-term immigrants (1 1 or more years in Canada) or non-immigrants
(born in Canada).
Similar results have been observed in the United States. Using the 2000 National
Health Interview Survey, which measured self-reported height and weight to establish
BMI, Goel, McCarthy, Philips, and Wee (2004) found that 16% of foreign-born adults
were obese compared to 22% of US-born adults. In addition, the proportion of foreign-
born immigrants who were obese increased from 8% for those who had lived in the US
less than one year to 19% for those who had lived in the US for 15 years.
Therefore, it appears that excess weight follows a similar trajectory to that of
general physical health. In other words, the healthy immigrant effect is also present in
weight status. This suggests that the healthy immigrant effect may be driven by lifestyle
factors, such as diet and physical activity, which also affect overweight and obesity.
However, due to the cross-sectional nature of the research to date, these inferences are
not conclusive. Analysis of longitudinal data is required to support the idea that
5immigrant weight gain is a result of additional time spent in Canada, rather than due to
cohort effects. In addition, it remains to be seen whether excess weight mediates the
relationship between time since immigration and deterioration of immigrant health.
Being an immigrant may also be a risk factor for obesity in children and
adolescents, but the evidence is mixed and this has not been examined in Canada.
Because of the limited length of time since immigration, most studies compare first- to
second-generation immigrant children (i.e., foreign-born to native-born children). The
prevalence of overweight or obese was significantly higher in children of first- or second-
generation immigrants aged 6, 1 0, and 1 5 years in Austria, compared to third-generation
or higher Austrian children at the same ages (Kirchengast & Schober, 2006). Overweight
was defined as above the 90th percentile and obesity was defined as above the 97l
percentile according to BMI percentiles for Central Europe (Kromeyer-Hausschild et al.,
2001). However, this sample was much different than immigrants to Canada in that all
the immigrants were from Turkey or the former Yugoslavia. For instance, overweight in
Turkey is traditionally positively interpreted as a sign ofmiddle- to high-income social
classes.
Popkin and Udry (1998) used the United States National Longitudinal Study of
Adolescent Health Wave H, which sampled Anglo-, African-, Hispanic-, and Asian-
American adolescents and measured height and weight. They defined overweight as
above the 85th percentile of age- and sex-specific standards according to National Health
and Nutrition Examination Survey I data and compared the prevalence of overweight in
first-, second-, and third-generation immigrants. They found that for both the Hispanic
and Asian groups, first-generation immigrants (not born in the US) had a lower
6prevalence of overweight than second-generation immigrants (born in the US, with at
least one foreign-born parent). There was no difference between second- and third-
generation immigrants (born in the US to US-born parents).
Similarly, Gordon-Larsen, Harris, Ward, and Popkin (2003) studied Hispanic
adolescent immigrants to the United States using Wave I and II of the National
Longitudinal Study of Adolescent Health. They defined overweight as above the 85l
percentile of age and sex-specific cut-offpoints from the 2000 Centers for Disease
Control and Prevention/National Center for Health Statistics growth charts. They found
that overweight prevalence was lower among foreign-born Puerto Rican (16.8%) and
Cuban (29.9%) adolescents compared to their US-born counterparts (31.0% and 35.5%,
respectively). However, there was no difference across generation of immigration for
Mexican adolescents. Finally, Haas, Lee, Kaplan, Sonneborn, Phillips, and Liang (2003)
examined country of birth (US-born vs. foreign-born) as a risk factor for obesity (BMI
above the 95th percentile for age and sex according to Centers for Disease Control and
Prevention charts) among children (aged 6-1 1 years) and adolescents (aged 12-17 years).
In children, obesity rates were lower in foreign-born (20%) compared to US-born
children (27%), although this difference was not statistically significant. In adolescents,
no differences were observed between rates of obesity for foreign-born (12%) and US-
born (1 1%). These findings suggest that the prevalence of overweight is lower in first-
generation than in second-generation or higher immigrant youth in the United States.
Despite these findings in other countries, little or no research has been undertaken
to understand how obesity develops in immigrant children and adolescents in Canada.
7Relatedly, a review of obesity prevention and intervention programs in Canada found that
there are no such programs targeted at immigrant youth in Canada (Flynn et al., 2004).
While most Canadians can trace their ancestry to immigrants, Aboriginal
Canadians are those peoples whose ancestors were native to Canada (i.e., Aboriginal
Canadians are non-immigrants). Similar to immigrants, Aboriginal Canadians have
experienced acculturation, although the nature of culture change is quite different. To
date, no research has compared overweight status in Aboriginal youth to other
generations of immigrants in Canada.
Results from the 2000/01 and 2003 Canadian Community Health Survey showed
that adult Aboriginal Canadians (living off the reserve) had the highest self-reported
prevalence of overweight (35%) and obesity (28%) of all ethnic groups (Tremblay et al.,
2005). In addition, using the 2004 Canadian Community Health Survey, which measured
height and weight to more accurately derive BMI and over-sampled Aboriginal
Canadians to obtain nationally representative data in this group, Katzmarzyk (2008)
found that off-reserve Aboriginal adults (38%) had a much higher prevalence of obesity
than the rest of the population (23%). Importantly, the prevalence of obesity (according
to international age- and sex-specific cut-offs) in Aboriginal youth aged 2-17 years (16%)
was almost twice that of non-Aboriginal youth in the same age group (8%; Katzmarzyk,
2008).
Since the Canadian Community Health Survey did not measure Aboriginals living
on reserves, these surveys preclude an accurate representation of all Aboriginal people
living in Canada. The First Nations Centre (2005) surveyed children and adults living in
238 First Nations communities across Canada using the 2002/03 First Nations Regional
8Longitudinal Health Survey. Using self-reported height and weight to calculate BMI and
classifying children and adolescents as obese according to international age- and sex-
specific cut-offs, results of this survey showed extremely elevated rates of obesity in
children aged 3-1 1 years (36%) and elevated rates in adolescents aged 12-17 years (14%).
Since the Canadian Community Health Survey did not distinguish between children and
adolescents, we cannot compare it directly to the First Nations Regional Longitudinal
Health Survey. However, it seems as though children aged 3-1 1 years living in First
Nations communities may be at increased risk for obesity compared to their counterparts
living off-reserve. This may be due to a cohort effect or there may be a change that
occurs with puberty onset that decreases excess weight.
Further, studies in remote Aboriginal communities have found prevalence rates of
childhood obesity close to 40% in both Ojibwa-Cree youth aged 4-19 years living in
northern Manitoba (Ng, Marshall, & Willows, 2006) and Cree children aged 9-12 years
living in northern Quebec (Young, Dean, Flett, & Wood-Steiman, 2000).
Taken together, new adult immigrants to Canada have lower rates of overweight
but these increase with additional years spent in Canada. Research in the United States
has shown that first-generation immigrants have lower rates of overweight than second-
generation immigrants for both adults and youth. However, the relationship between
generation of immigration and overweight has not been studied in Canadian children and
adolescents. In addition, the literature shows that Aboriginal (or non-immigrant)
Canadians have higher rates of overweight compared to non-Aboriginal (or immigrant)
Canadians. However, previous research has not conceptualized Aboriginal peoples as a
9distinct generation of immigration and compared their rates of overweight to other
generations.
Risk Factors
Acculturation. Acculturation is defined as culture change that results from
continuous, first-hand contact between two distinct cultural groups (Redfield, Linton, &
Herskovits, 1936). The term psychological acculturation refers to the changes individuals
experience as a result of participating in the process of acculturation that one's cultural
group is undergoing (Graves, 1967). While in principle each group could influence the
other equally, in practice one group tends to be dominant. Therefore, acculturation tends
to induce more change in the non-dominant group, termed the acculturating group (Berry,
1989).
Acculturation may play an important role in the development of obesity across
generations of immigrants. As individuals in acculturating groups undergo acculturation,
they may acquire, in addition to other cultural practices, the lifestyle habits of the
dominant group. These lifestyle habits are thought to be instrumental in the development
of obesity. In particular, the environments in Canada and the United States are thought be
"obesogenic," with sedentary lifestyles, large portion sizes, and heavy advertising of
high-fat, energy-dense foods (Gordon-Larsen at al., 2003). The "obesogenicity" of an
environment is defined as "the sum of influences that the surroundings, opportunities, or
conditions of life have on promoting obesity in individuals or populations" (Swinburn,
Egger, & Raza, 1999). Therefore, as immigrants and Aboriginals adopt more North
American lifestyles, it is likely that their risk of weight gain will increase.
10
Another possible pathway to weight gain is through acculturative stress, or stress
resulting from culture change (Berry & Annis, 1974). Aboriginal, immigrant, and ethnic
groups have been found to experience acculturative stress, with Aboriginal groups
experiencing higher levels of stress (Berry, Kim, Minde, & Mok, 1987). In addition,
immigrants may experience stress from linguistic isolation, a lack of recognition of work
credentials, financial strain, and discrimination (Young, Spitzer, & Pang, 1 999), while
Aboriginal Canadians may experience stress from marginal socioeconomic and living
conditions, trauma and violence, and historical, cultural, and political aspects ofbeing
Aboriginal (including forced acculturation; Iwasaki, Bartlett, & O'Neil, 2004). Stress
causes central adiposity via activation of the hypothalamic-pituitary-adrenal axis and
secretion of Cortisol (Dallman, laFleur, Pecoraro, Gomez, Houshyar, & Akana, 2004) and
is also related to overall obesity (Bjorntorp, 2001).
Several measures of acculturation have been used to examine its relationship to
overweight and obesity. McDonald and Kennedy (2005) assumed that if a large ethnic
community is present in a local area, then there are more opportunities for immigrants to
maintain their connections to their original culture and fewer pressures or opportunities to
adopt Canadian culture. Then, if that ethnic community has a lower weight profile than
the Canadian average, they predicted that an individual immigrant ofthat ethnic group
would also be less likely to be overweight. Their predictions were supported; immigrants
who resided in a neighbourhood with large ethnic communities (and the ethnic group was
less likely to be overweight than Canadians) were less likely to be overweight or obese.
One possibility is that delaying the adoption of Canadian "obesogenic" lifestyle is
protective against weight gain. Alternatively, fewer pressures for culture change may be
11
associated with less acculturative stress in these immigrants, which in turn is associated
with less weight gain.
Gordon-Larsen et al. (2003) explored the acculturation process in relation to
overweight in Hispanic immigrant adolescents in the United States by collecting data on
two types of acculturation factors: language spoken at home (English vs. non-English)
and the proportion of foreign-born neighbours. When the model was adjusted for
acculturation factors, the predicted prevalence of overweight increased for foreign-born
immigrants, but not for US-born immigrants. Therefore, these variables that tied first-
generation adolescent immigrants to their native country were protective against
overweight. Acculturation factors explained the lower likelihood of overweight among
first-generation Hispanic immigrants to a greater degree than other determinants of
overweight, such as television watching, physical activity, dietary practices, and
smoking. Therefore, it seems like the increase in overweight and obesity in immigrant
adults and children is due in part to the adoption of a North American lifestyle that
promotes weight gain.
One study on cardiovascular risk factors in Mexican American adults showed a
possible benefit of adopting the dominant culture (Sundquist & Winkleby, 1999). As in
other studies, obesity levels were lower for Mexican-born adults than for US-born adults.
However, when they split the US-born group into two sub-groups (English- vs. Spanish-
speaking), they found that obesity levels were higher for Spanish-speaking US-born
adults than for English-speaking US-born adults. They concluded that the Mexican-born
adults had lowest levels of obesity due to positive social and cultural influences from
their country ofbirth. English-speaking US-born adults had intermediate obesity levels
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from the positive benefits that accompany greater adoption of American culture,
including opportunities for higher education and income and access to preventive health
services, while Spanish-speaking US-born adults benefited less from each of these
positive influences.
Ethnicity. Using the 2000/01 and 2003 Canadian Community Health Survey to
classify adult respondents as overweight, Tremblay et al. (2005) found that Aboriginal
peoples had the highest levels of overweight, followed by Latin American, White, Black,
Other, Arab/West Asian, South Asian, and East/Southeast Asian. Respondents were also
divided based on their immigrant status: non-immigrant, recent immigrant (0 to 10 years),
or long-term immigrant (more than 10 years). For non-immigrants, Aboriginal (1.8) and
Other (1 .3) had significantly higher odds ratios for being overweight than White (1 .0),
while East/Southeast Asian (0.5) and South Asian (0.5) had significantly lower odds
ratios. For long-term immigrants, Latin American (1 .6) had significantly higher and
East/Southeast Asian (0.3) and South Asian (0.8) had significantly lower odds ratios for
being overweight compared to White (1.0). Finally, for recent immigrants, Latin
American (1.6) had significantly higher and East/Southeast Asian (0.3) had significantly
lower odds ratios for being overweight. Therefore, ethnicities showed similar likelihood
ofbeing overweight across recent, long-term, and non-immigrants.
Shields (2006) analyzed the 2004 Canadian Community Health Survey, which
used measured height and weight to calculate BMI and international age- and sex-specific
cut-offs to determine overweight and obesity in children and youth aged 2-17 years. By
dividing children and youth into five groups based on ethnicity, the prevalence of
13
overweight (including obesity), respectively, was 41% for off-reserve Aboriginal, 29%
for Black, 27% for Other, 26% for White, and 17% for Southeast/East Asian.
In American immigrant youth, overweight increased from first- to second-
generation immigrants in Hispanic and Asian groups (Popkin & Udry, 1998). The
increase in the prevalence of overweight was larger for Asian adolescents (12% to 27%)
than for Hispanic adolescents (25% to 32%). Black and White groups were not divided
based on generation of immigration, therefore it is not clear whether similar increases
were seen in these races. However, it is probable that no differences were observed in
these groups, otherwise they likely would have been reported.
Socioeconomic status (SES). Although a large number of studies have examined
the relationship between socioeconomic status and overweight/obesity in adults, fewer
have been conducted in children. A review of the literature by Sobal and Stunkard (1989)
demonstrated a strong inverse relationship between SES and obesity among women in
developed societies. However, the relationship is unclear in youth. For both boys and
girls, many studies observed no relationship between SES and obesity. Of those that
reported a significant relationship, close to half showed a positive relationship. Yang
(2001) further investigated this relationship in children in the United States using
NHANES III data. The 95th percentile cut-off was used to define obesity and household
income was used as a marker for SES. Low-income adolescents (10-18 years) were at a
higher risk for obesity than high-income adolescents. However, income was not
significantly related to obesity in children aged 6-9 years. Interestingly, when income and
urban-rural residence were accounted for, the relationship between ethnicity and obesity
became insignificant. This suggests that SES may account for different obesity rates
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across ethnic groups. Similar relationships were observed when BMI percentile was used
as a continuous outcome variable.
According to the 2004 Canadian Community Health Survey, children and
adolescents aged 2-17 years in middle-income households had higher levels of
overweight/obesity (29%) than those in either low- (25%) or high-income households
(23%; Shields, 2006). The relationship between parental education and
overweight/obesity was clearer. Overweight/obesity rates were higher in "less than high
school education" (31%) than "some postsecondary" (27%) or "postsecondary
graduation" (25%). Using Cycle 4 of the National Longitudinal Survey of Children and
Youth, Oliver and Hayes (2005) found that higher household income and more parental
education were associated with reduced odds ofbeing overweight. They also found that
neighbourhood SES was inversely related to overweight in their nationally-representative
sample of 5-17 year-olds. Similarly, living in the "most poor" neighbourhood was
associated with increasing BMI percentile over time (from ages 2-3 to 10-11 years)
compared to living in a "middle" income neighbourhood (Oliver & Hayes, 2008).
Explanations for the inverse relationship between SES and obesity include the
low cost of energy-dense (i.e., high sugar, high fat) foods (Drewnowski & Spector,
2004), psychosocial stress (Brunner, 1997), differential pressures to be thin (McLaren,
2007), health-related knowledge (Monteiro, Moura, Conde, & Popkin, 2004), and other
behavioural practices (Townsend, Davidson, & Whitehead, 1 990).
Beiser, Hou, Hyman, and Tousignant (1998) examined poverty in immigrant
children using Cycle 1 of the NLSCY. They divided respondents into immigrants (child
born in a foreign country to non-Canadian parents), children of immigrant parents (child
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bom in Canada, with at least one immigrant parent) and non-immigrants (Canadian-born
child and Canadian-born parents). Thirty-six percent of immigrant children were living in
poverty compared to 14% of children of immigrant parents and 13% of non-immigrant
children. However, although children in poor families experience greater risk for mental
health problems and immigrant children are more likely to be poor, immigrant children
were found to have a mental health advantage over the other groups of children. This
paradox may be explained by the meaning ofpoverty in the context of immigrants. In
other words, although new immigrants experience unemployment and poverty during the
first few years upon arrival in Canada, the expectation that these difficulties will be
overcome may help protect these families from dysfunction that leads to mental health
problems. In contrast, in non-immigrant children, parenting and family factors mediated
the relationship between poverty and mental health.
Aboriginal peoples have higher rates ofunemployment, poverty, and single-
family homes than the rest of the Canadian population, according to the 1991 Aboriginal
People's survey (MacMillan, MacMillan, Offord, & Dingle, 1996). Similarly,
Blackstock, Tocme, and Bennett (2004) found that poverty rates for Aboriginal children
are significantly higher than other visible minorities and that the average annual income
for an Aboriginal worker was about $10,000 less than for non-Aboriginal workers in
Canada.
Summary
The research literature on adult immigrants to Canada suggests that recent
immigrants have lower rates of overweight but these increase with additional years spent
in Canada. A similar trend has been found in the United States, with additional research
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showing that first-generation adolescent immigrants have lower rates of overweight than
second-generation adolescent immigrants. To date, there is a lack of research on
overweight in immigrant youth in Canada. In addition, previous research has not
conceptualized Aboriginal peoples as a distinct generation of immigration and compared
their rates of overweight to other generations. Previous research has shown that
acculturation factors, ethnicity, and socioeconomic status predict overweight in adults
and youth. However, these risk factors have not been measured in relation to overweight
in Canadian immigrant and Aboriginal youth.
Current Study
The primary goal of this study was to assess the impact of generation of
immigration on overweight and obesity in Canadian children and adolescents. A
secondary goal was to examine the longitudinal patterns of overweight and obesity across
generations of immigrants. The final goal was to examine the influence of various risk
factors, including acculturation factors, ethnicity/race, and socioeconomic status, on
overweight and obesity across generations of immigrants.
Using data from the National Longitudinal Survey of Children and Youth (Cycles
1-7), six hypotheses were tested. It was hypothesized that: 1) BMI would increase from
first- to second- to mixed- to third-generation immigrants to Aboriginals, 2) Longitudinal
BMI trajectories would differ across generation of immigration, 3) Ethnicity/race would
predict BMI, 4) the relationship between generation of immigration and BMI would be
stronger for certain ethnic/racial groups, 5) Speaking a first language other than English
or French would be associated with lower BMI, and 6) First language would account for
17
some of the effect of generation of immigration on BMI. Specific hypotheses, with
predicted directions, are presented in the Results section.
Method
National Longitudinal Survey of Children and Youth (NLSCY) Sample
Data were from the National Longitudinal Survey of Children and Youth, a
nationally representative longitudinal survey of Canadian youth. The original longitudinal
cohort was first surveyed in 1 994 and then at two-year intervals. Cycles 1 to 7 were
available at the time of analysis. The NLSCY sample was originally selected in order to
produce reliable estimates for the Canadian population. Sampling was purposefully
constructed so there were enough youth from each of the ten provinces and in each of the
seven age groups (0-1 1 months, 1 year, 2-3 years, 4-5 years, 6-7 years, 8-9 years, and ??-
? 1 years). Each youth was assigned a survey weight, which corresponds to the number of
persons in the population that that individual represents. Survey weights take into account
the probability of selection, non-response, and post-stratification. The original cohort
represents children aged 0 to 1 1 years old that were living in any Canadian province at
the time of Cycle 1 data collection (1994/1995). A full description of the NLSCY and
sampling design is available elsewhere (Statistics Canada & Human Resources
Development Canada, 1995).
Information about the child's generation of immigration, the child's race, the
child's first language, parental education, and household income were collected in an
interview with the "person most knowledgeable" about the child, and his or her spouse.
The "person most knowledgeable" was the child's biological mother (89-91%) or
biological father (7-8%). The spouse was the child's biological father (67-72%), step-
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father (6-8%), or biological mother (4-5%). There was no spouse for 1 5-18% of the
observations. The "person most knowledgeable" will subsequently be referred to as
"parent." Height and weight were collected during the parental interview for children
aged 6-1 1 years and via self-complete paper questionnaire for adolescents aged 12-17
years.
Current Study Sample
The current study examined children and adolescents from the original
longitudinal cohort who were aged 6-17 years in Cycles 1 to 7. "Children" refer to
observations of youth aged 6-1 1 years at any cycle. "Adolescents" refer to observations
of youth aged 12-17 years at any cycle. Analyses were conducted separately for each age
group. These age groups were used because height and weight were reported by parents
until 1 1 years and by adolescents beginning at 12 years. In addition, these age groups
have been employed in other studies of overweight in Canadian youth (e.g., Shields,
2006). Youth outside of these age groups were not included because assessing
overweight is problematic in children under 6 years due to fluctuations in BMI (Oliver &
Hayes, 2005) and the measurement definitions of BMI change at age 18 years. Table 1
shows the cohorts and data collection cycles included in the analyses.
The longitudinal design of the NLSCY allowed for multiple observations from
each youth. This was advantageous because it increased the number of observations from
groups with small sample sizes and it permitted the examination of trajectories over time.
In particular, first-generation immigrants had a small total sample size due to over-
sampling of rural regions and smaller provinces in the NLSCY. Longitudinal weights
were used for descriptive analyses to derive estimates that were representative of the
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Table 1
Age Groups Included in Analyses
Cycle
Cohort 12 3 4 5
1 0-1 2-3 4-5 6-7 8-9 K)-U 12-13
2 2-3 4-5 6-7 8-9 10-11 12-13 14-15
3 4.5 6-7 8-9 10-11 12-13 14-15 16-17
4 6-7 8-9 10-11 12-13 14-15 16-17 18-19
5 8-9 10-11 12-13 14-15 16-17 lS-l·) 20-21
6 10-11 12-13 14-15 16-17 18-19 20-21 22-23
Note. Age groups without shading were not included in analyses. Age groups with light
grey shading were included in "children" (6-1 1 years) analyses and BMI was parental
report. Age groups with dark grey shading were included in "adolescents" (12-17 years)
analyses and BMI was self-report.
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initial population from which the sample was drawn (i.e., Canadian children aged 0-1 1
years in 1994/95).
Observations with missing or incomplete information on body mass index, first
language, or socioeconomic status were excluded using listwise deletion. Youth with
missing or incomplete information on generation of immigration or race were also
excluded using listwise deletion. This exclusion process ensured that the same number of
youth were included in sequential models (important for model fit indices), but did not
require each youth to have an observation at each cycle. After excluding cases with
missing data, the final sample yielded 13,657 children aged 6-1 1 years and 10,467
adolescents aged 12-17 years. Table 2 provides further information on missing data.
Measures
Table 3 depicts an overview of the measured constructs, the NLSCY variables
used in the study, the person of interest (who the information pertains to), when the
information was collected, and the informant (who reported the information).
Generation of immigration. Youth were classified into one of five generations
of immigrants: first-generation immigrants, second-generation immigrants, mixed-
generation immigrants, third-generation or higher immigrants, and non-immigrants
(Aboriginal peoples). They were categorized based on the parent's country ofbirth, the
spouse's country ofbirth, and the child's country ofbirth, as reported by the parent and
their spouse in Cycle 1 . First-generation immigrants were defined as children who were
born in a country other than Canada, regardless ofparent and spouse's place ofbirth.
Second-generation immigrants were defined as children who were born in Canada, with
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Table 3
Measures Included in Analyses
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country and no spouse listed. Mixed-generation immigrants were defined as children who
were born in Canada, with one parent born in Canada and one parent born in another
country. Third-generation or higher immigrants (hereafter referred to as third-generation
immigrants) were defined as children who were born in Canada, with both parent and
spouse born in Canada or parent born in Canada and no spouse listed. Non-immigrants
were defined as children with Aboriginal ancestry (First Nations, Inuit, or Métis).
Previous studies have similarly used country of birth to define generation of immigration
in adolescents (Gordon-Larsen et al., 2003; Popkin & Udry, 1998).
Ethnicity/Race. Race was determined by the parent's response to the question,
"How would you best describe this child's race or colour?" in Cycle 2. Forced choice
response categories were 1) White, 2) Chinese, 3) South Asian (e.g., East Indian,
Pakistani, Punjabi, Sri Lankan), 4) Black (e.g., African, Haitian, Jamaican, Somali), 5)
Native/Aboriginal People (e.g., North American Indian, Metis, or Inuit/Eskimo), 6)
Arab/West Asian (e.g., Armenian, Egyptian, Iranian, Lebanese, Moroccan) 7) Filipino, 8)
South East Asian (e.g., Cambodian, Indonesian, Laotian, Vietnamese), 9) Latin-
American, 10) Japanese, 1 1) Korean, and 12) Other. These response categories were also
used in the Canadian Community Health Survey, except Arab and West Asian were
separate groups. Youth were grouped: White (1), East Asian (2, 9, 10), South East Asian
(7, 8), South Asian (3), Black (4), Aboriginal (5), Other (6, 9, 12). Groups were
aggregated according to geographic and cultural proximity (similar groupings used in
Tremblay et al., 2005), as well as to avoid small group sizes and to maintain
approximately equal group sizes (excluding White).
Acculturation. Acculturation was defined by parental response to the question,
"What is the language that this child first learned at home in childhood and can still
understand?" (or "In what language do you speak to the child?" for children who cannot
speak yet) in Cycle 1 . Response options were: 1) English only, 2) French only, 3) English
and French only, 4) English and other, 5) French and other, 6) English and French and
other, and 7) neither English nor French. We grouped responses as follows: English
and/or French only (1 , 2, 3) or Other (4, 5, 6, 7). Language spoken at home (English vs.
Other) was included as a self-report acculturation factor in Gordon-Larsen et al. 's (2003)
study of overweight in adolescent immigrants to the United States.
Socioeconomic status. Socioeconomic status was measured by two variables in
every cycle: household income during the previous 12 months and number of years of
education the parent had completed. Household income was derived from open-ended
questions answered by the parent and their spouse about various sources of income (e.g.,
wages and salary, self-employment, social assistance). Parental years of education was
derived by recoding two forced choice questions: years of elementary and high school,
and highest level of education attained beyond high school. (Note that both household
income and years of education were derived by NLSCY analysts.) Household income and
parental education are commonly used to measure socioeconomic status and have been
used previously in studies based on NLSCY data (e.g., Oliver & Hayes, 2008).
Body mass index (BMI). Body mass index was calculated as weight (kg)/height
(m)2. For children aged 6-1 1 years, the parent reported the child's height and weight.
Adolescents aged 12-17 years self-reported their height and weight. Height and weight
were reported at each cycle. BMI percentiles were derived using age- and sex-specific
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values from the Centers for Disease Control and Prevention (Kuczmarski et al., 2000).
This method assigns percentile values to age- and sex-adjusted BMI Z-scores.
Descriptive statistics are also reported in weight status categories, classified according to
international sex- and age-specific BMI cut-offpoints (Cole, Bellizzi, Flegal, & Dietz,
2000). Although measured height and weight are preferred to calculate BMI, parent- and
self-reported heights and weights have been used in previous studies (e.g., Tremblay &
Willms, 2003). Compared to measured height and weight, youth self-reports tend to lead
to an underestimate of overweight and obesity, while parent-reports tend to lead to an
overestimate of overweight and obesity (Shields, 2006).
Analytical Strategy
Multilevel (or hierarchical) modelling techniques were used to fit regression
models to the longitudinal data. These models allow for dependency between repeated
observations from the same individual and do not require each individual to have an
observation at each cycle. To assess the influence of generation of immigration and other
risk factors on youth's BMI percentiles, a two-level model was specified in which
observations at each time point (level 1) were clustered within individuals (level 2). The
level- 1 model describes within-individual change over time and the level-2 model
assesses whether predictor variables (generation of immigration, acculturation,
race/ethnicity, SES, gender, age) are related to between-individual differences in change.
Multilevel models were specified using PASW 1 8.0 software on unweighted data.
Separate models were constructed for children and for adolescents.
Seven sequential, a priori defined models were tested for both age groups. Model
A was the "null" model, used for comparison with more complex models. Model B was
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the "base" model that included age, gender, income, and education as standard covariates
(control variables) that are commonly used when testing BMI. Model C (base model +
generation of immigration) tested hypothesis 1, that generation of immigration would
predict BMI. Model D (base model + generation of immigration + age * generation of
immigration) tested hypothesis 2, that longitudinal patterns of BMI would differ across
generation of immigration. Model E (base model + generation of immigration + race)
tested hypotheses 3 and 4, that race would predict BMI and would significantly interact
with generation of immigration. Model F (base model + generation of immigration + first
language + first language * generation of immigration) tested hypotheses 5 and 6, that
first language would predict BMI and would account for some of the relationship
between generation of immigration and BMI. Model G was the "best-fitting" model for
each age group, which was constructed by including all significant predictors.
Following Statistics Canada's NLSCY data publication guidelines, longitudinal
sampling weights were used in all non-hierarchical analyses (i.e., descriptive analyses).
Therefore, reported descriptive results are representative of the Canadian population in
1994, when the original cohort was sampled. Coefficients ofvariation were computed
using 1000 bootstrap weights supplied by Statistics Canada in SAS 9.2. These
coefficients were used to assess the quality of the estimates obtained using the sampling
weights. It is important to use bootstrap weights to obtain variance estimates because
these take into account the complex survey design of the NLSCY.
Results
Analyses were conducted on 13,657 children aged 6-11 years and 10,467
adolescents aged 12-17 years. Descriptive statistics for the sample are presented in Table
27
4. The multi-level models were based on unweighted data and population-representative
values were based on weighted data constructed using sampling weights.
Mean BMI percentiles across generation of immigration, stratified by gender and
age, are provided in Table 5. Means were calculated using sampling weights and
confidence intervals were calculated using bootstrap weights to account for the complex
sampling design of the NLSCY. Rates of overweight and obesity across generation of
immigration, stratified by gender, are presented in Table 6. Prevalence rates were
calculated using sampling weights and confidence intervals were calculated using
bootstrap weights. In children aged 6-1 1 years, Aboriginal and first-generation Canadians
had higher overweight and obesity prevalence rates and mean BMI percentiles, while
second- and mixed-generation immigrants had lower overweight and obesity prevalence
rates and mean BMI percentiles. In adolescents aged 12-17 years, mean BMI percentiles
were similar across all generations of immigration, while first-generation immigrants had
higher obesity prevalence rates than the other generation groups. Weighted mean BMI
percentiles across generation of immigration and age are illustrated in Figure 1.
Results of the multi-level models for children (6-1 1 years) and adolescents (12-17
years) are provided in Table 7. Seven a priori models were constructed for each age
group to test the hypotheses and determine best fitting models. For all models, BMI
percentile was the dependent variable. In Model A (null model), an unconditional model
with no predictors was used to determine baseline fit statistic estimates. The goodness of
fit statistics (-2 log likelihood and Akaike's Information criterion) were used to compare












































































































































Note. Gender, generation, race, and first language frequencies are based on number of
youth, while age frequencies are based on the number of observations. Household income




































































fP ON ff ON H- ivi H- OO
?) ¦— -j A — on t












UlfP UlfP UlTP ON H- OOsOk>S03s-J— —'ol^-*
Ji OJ -^
CO OJ ON OO OO Kj
?s?? oo¿2 ~j j>
On fu Ui fp <-? H- Ji H- OnK) w OO Lj -J — ON — O
A M M M ? « ?> ^, K)-J.£¿ >— ¿2 Ji £. -jS OS
_. „. uifP ui fp UiH- UtOw vlS ??d F JOk>-~j ^no>£no— Ö
K) b u> '— bo ~ ' - ¦
- ¦> C3 Ul ON
o o so oj o
K) ¿J Wp —
Ul H-
U) K) <£TPJi OO JiTP u>
VO U)O SOOO VOJi. U) ?? U)
— On °, oo^so oo JO; noOO Ji Ui
<£TP V1TPJi W J=1· -J
VO ~ SO "—
003 o^S
U, fp "^ H- JiOO Lj U) K> p>






















uifp uH· ??ON Ss OO — U)
Ob-






¡» °°on £- o — OOOsJi ON
TF **¦S SO TP XjTPK) W vi


















H- Ji H- U,
— — K)
??*?
























Ui H- Os H- -J
N - )° œ P
^J 'so ^O bo ·—O Ji ^J — A
fP ON ff ON H- Ji H- Ui H- OOS ONÍo — - so- ON-K)
S¿ 22- SO Ul UlOO OJ ¦— OJ Ji
ON' ON' Ui H-Uiw K)So A" K)-
Lj w U) —
oo 1^i OOS !Ovo
Os H-
|— ~j
OO w K) oo -J —
Ul OJ ö — Ul -J ;
Ul
k)
as3 K) ¿¿ -j§ JiS K)
TP P^TP ONfp uifp ON T¿ ON^lUl^-0~jOO-jUl— Ji
L-Lj^)ON- Lj2;L-^,Ui? so^è 1^Ci A¿5 so on u)
TP °??? ^ TF ^jTP 2jT£ os0\ vlw ???? OOsO ^y OO
L- bö A Wi oLi Ai> U^3 Ji¿2 Ui^ U)^O -J ?? U)
TP ^TP^l SO W
"— Ui i¿
"" Ul o
ui fp osTP uiTP ji5, ?- oo — '¦»OO U)
W U) ^j SO ji-J JOs U) Lj OO S On
«- P^t? Q'* vi t? ?-^? ^ivi Wm som ??? M J ^b Ui¡— k)so OnOs box. ?
OJ H-^J V0^O ONJOO Ui Lj Ji
fp Ui fp Ui fp Ui fp Ui H- Uioo^wOOosUiSöso^SOoL-jibs'AijNiíw^os
~ Ui1SO oo ^; On^) oo oj oo
TP ^>TP ^TP os T£ u· T? ji
¦-'¦¦'-' ¿'oj^wii)^- so OJ^ |s Ul Ulso ^5 On ^i Ui oo O
UiTP OnTP -j
^- — K) g K)
K)
^TP j-p TP ^;On w SO so "—» Kj ^_
0wijL)uioo,^s-Os OOS ^^C? K)SO Aoo A
H- Ui' Ul H- Ui' Ui H-- r & On" 2o ob'ío voj¿
Ui sp O K) O **

























































































gì ^ H-^J UJ
Lo Ko vo ¦&¦·
^fP X>fP Cfs—J s? ui oo
".»> k> ? ?? J>-
voj^ j>^ -j
Ui H- Ui H-
K) r- oo ^
>— u> U) ^1.
u>fP K) it









H- _ H- h-
*· -j .— -t>
U) · ?— - UJ
^n <—> O ~-J vo
H- h- H- W H- K)
j£f? y>fPON >— J>. JX
j> j>. C^ U)
? 3 U) voVD
Ui 'll Ui H- Ui
j>5, w^; (?
j> t» j> ;_ Ui
OO On j> ^ OO
oo f? oo ff oof? oo it -O
Wr-K)!-" K) ?* ?— j> >—





òo ^ bo 3
u)
H-If H- it H-
u> y u> ^. pv,U) !¿ k) on ?)
- rf r . H-J> o U) io - H- ,^H- h—J^J. Dun ,
- VO On CX) s\ ?)»— H-VO


















H-Osn-OSH-Uj^psH-UjUlt— ?—'U) Ul J> U) Oo




H- ?- H- ?- H- ?- H-
.*· vo y ui y
j> · *¦ >-, H-
K) y o uj
O J^
ff ^fP üff ^;
b\ bo í>J j> <-n K)
Ov —3 Ov ?) ^-) ' Avû^tî^




ff K) ff H- ff
H- ^ (? ?- (?
H-
H- H-UjOSoU»S)Uij>--J
© Ò\ ^ Ui vo Ut ? OSO VO VO K)
-Jh-K) OVD OO VO h— UJ OO
ffUlff Ul ff CT\ff Ul it U)
y o r~ as y* K>ytoo oo
1^ '~ g vO¿ U, 5 h- £ vo
)"- K)H- K)H-K)UK)
U) : . ? : . s? ,-_ :Ui1^ ^ J2 ?
K) it
O^ H-K)
¦ ¦ -i "- >£ n- >? f 5¿! — ^. . Ki .<*
OVO
-J
"-^ K-.^ L^^ Ki^3 ,in ^
o y o y oo S o
vo· ·_ ·^^§



















6 7 8 9 10 11 12 13 14 15 16 17
Age





































































































K^ ^ ^K) k> — ¦fc.K)
— ? — K)ö so k» ö







?° K) K) O
P K) òojxU) „ ? ^_
^- >-» ^ K>
— O U) —
^J — Jx so
r" k> ?) o ^
-t*· o — vo 2
O O O OO O





~ _ SO OO -J Os














K) U) U) K) K)
— ^J U) Ui —
O -P"- OO — —
poppo
Os Ui Os Os Os




U) OS Ul .£>
OS OO 4*. Ö
K) U) K) -J
u) \Z.
K) V
? ? ? ? . ?


























O O p O O
^~4 Ui Os Ul Os
— — Os Ui OS
0 K) ? — J^ U)
¡? K) Ui U) V ^23 U) 4^ Ui ir —
Ul Ö Ul — '— §




















































_ ? vo coxi o*






















NJ Lo LO NJ NJ
SJ ^J F.?? U.
i- xj M« -J
poppo
On Ln ON On On
i— Ln NJ NJ Ln
u o\ ?? *> ? ^,
ON OO J> k) LO J-.Ln OO no VO K) jjj
. ? ? ? . ?
?· - · O-













ó r PP ?
j> ?— l*> x> voJ: j>» on on ¡r.
P- P> ^ ^ f2 PU- °· Uj Ln On Ln On










In K) Ln lo Lo -->
VO Ln J> oo V0 —
NJ
Ln Ö Ln U- '— 2
























































































OO JN. U (Jl
VO VO VO U-
.)> OO — Lo
O
VO
?) lo o o y
xl O VD OO










^: -u ? ?»
^ On J>- Ln












IO J> o> On JA







g* g S S £ »-! _:. J*T 3" 3" x.<E. > m£3 » » 5'P — - c/j ti




















On On K) K1J Ln J^
U- Lo Lr, ^5 Uj Jjn
On — O ^j O vo
K) ?— K) KJ LO K)
Lo bo bo bo U- on
K) On On OO O J>
M UO L ^u. *
On J> OO Q OO ·_, ?)




LO LO O O OOO O xl OO g
JN-OOW
— ?— OO xl Ln
K) K) LO LO LO K)
Ln U- k) k) k) vo
J>- LO K) ON xl K)
— O O ¦— O
bb!-i>
Ln vo O -J K)
— vo vo K) On
K) On lo x) J>
34































































































o vo vo S-
h- oo -tv ov
o
VO
Ov Ul tv) ^j OVj1
Ol -si io V M ^,Ov vu ^g K)0n
K) ?—· K) K) U) K)
U) OO OO vo '— Ov
?? VB Ov — H-vo
K) K) T^ P
S £ ^ ~
VO 4^ U) -tv
O OO ?) U)







K) U) O O ~






K) K) O O U)
ji. '^. Ji. H- k)




-tv -J O OUt K)
O "?- O O OV OO O









J> O O U) H- ¿ç,
O ^ M Ol Ol |oh. H. OO vi U [T
T- K) u) o




K) K) U) U) U) K)
Ol H- K) k) k) VO
-fcv U) K) Ov vi K)
H- H- H- K)
U) Ö Ol U)





vi H- ? O H- O (O
Ol © Ö H- JV. · (O
OO Ut vo O vi ¡?, O
K) H- K) ?- ? K>
k) VO U) 9?O h- OJb
h- vo VO K) Ov
K) OV U) vi -tv
O
-tv
h- O O vi O
U) U) Ov vi U)
35
In Model B (base model), a model including standard covariates (gender, age,
socioeconomic status) was tested. Cohort was not a significant predictor of BMI
percentile in either children or adolescents; therefore, it was not included in the base
model. Gender * age interaction was significant for children, but results did not change
when all models were run with this interaction term. In order to have consistent covariate
base models in each age group, gender * age was not included in the base model. Because
the regression coefficients of the standard covariates remained significant and the
estimates were largely similar in all subsequent models, they are only reported for the
base and final models in Table 7. Results showed that males had higher mean BMI
percentiles than females in both age groups. In addition, years of age significantly
predicted BMI percentile. Finally, higher household income and more years of education
were associated with lower BMI percentile in children and adolescents.
Hypothesis 1 , that mean BMI percentile would increase from first- to second- to
mixed- to third-generation immigrants to Aboriginals, was tested in Model C (base model
+ generation of immigration). Generation of immigration was a significant predictor of
BMI percentile for both age groups. For children (6-1 1 years), mean BMI percentiles
were (from lowest to highest): first-generation (M = 58.90 percentile), second-generation
(M= 58.94 percentile), mixed-generation (M= 59.09 percentile), third-generation (M =
61.46 percentile), and Aboriginal (M= 65.48 percentile). For adolescents (12-17 years),
mean BMI percentiles were (from lowest to highest): second-generation (M= 55.71
percentile), mixed-generation (M= 56.31 percentile), first-generation (M= 58.13
percentile), third-generation (M= 58.54 percentile), and Aboriginal (M= 60.57
percentile).
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Hypothesis 2, that the weight disparity between first- and second-generation
immigrants would decrease with time, was tested in Model D (base model + generation
of immigration + age * generation of immigration. This interaction was not significant for
either age group; therefore, the longitudinal patterns of BMI were similar across
generations of immigration within each age group.
Hypothesis 3, that East, South East, and South Asian ethnicities/races would have
lower mean BMI percentiles than White, while Black, Aboriginal, and Other would have
higher mean BMI percentiles, was tested in Model E (base model + generation of
immigration + race). Race was found to be a significant predictor of BMI percentile in
both age groups. In children, East Asian (M = 55.26 percentile) and South Asian (M =
56.98 percentile) groups had lower mean BMI percentiles than White (M= 59.95
percentile), while South East Asian (M= 65.65 percentile), Black (M= 62.44 percentile),
Native (M= 66.26 percentile), and Other (M= 66.1 1 percentile) groups had higher mean
BMI percentiles. In adolescents, East Asian had the lowest mean (M= 49.49 percentile),
followed by White (M= 57.74 percentile), Black (M= 58.02 percentile), and Native (M =
57.85 percentile), with South East Asian (M= 59.28 percentile) and South Asian (M=
61.32 percentile) groups having the highest mean BMI percentiles.
Hypothesis 4, that the relationship between generation of immigration and BMI
would be stronger for certain ethnic/racial groups, was tested by adding a race *
generation of immigration interaction to Model 5 (not shown). This interaction was not
significant for either age group.
Hypothesis 5, that speaking a first language other than English or French would
be associated with lower mean BMI percentile, was tested by Model 6 (base model +
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generation of immigration + first language + generation of immigration * first language).
In children, the effect of first language was not significant, but generation of immigration
* first language significantly predicted BMI percentile. Specifically, in first-, second-,
and third-generation children, speaking English or French as a first language was
associated with a higher mean BMI percentile (M = 60.09 percentile, M = 60. 1 6
percentile, and M = 61 .52 percentile, respectively) than speaking another language (M -
57.59 percentile, M = 57.38 percentile, and M = 54.89, respectively). Conversely, in
mixed-generation and Aboriginal children, speaking English or French as a first language
was associated with lower BMI percentile (M = 58.61 percentile and M = 65.21
percentile, respectively) than speaking another language (M = 67.35 percentile and M =
82.76 percentile, respectively). Neither the main effect of first language nor the
generation * first language interaction were significant in adolescents.
Hypothesis 6, that the effect of generation of immigration would decrease with
the addition of first language, was tested by adding first language to the model without
the generation * first language interaction term (not shown). It was found that the effect
of generation of immigration did not decrease when the acculturation variable was added
to the model.
Finally, Model G was the full model for both age groups. This model included the
base model plus the predictors that were significant when they were added individually in
Models C to F. For children, gender, age, income, education, generation, race, and
generation * first language were included in the full model, which was the best-fitting
model (-2 log likelihood = 278,883.86; Akaike's Information Criterion = 278,937.86).
For adolescents, gender, age, income, education, generation, and race were included in
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the full model, which was the best-fitting model (-2 log likelihood = 172,523.61;
Akaike's Information Criterion = 172,567.61).
Discussion
The primary contribution of this study was the examination of the impact of
generation of immigration on overweight in Canadian youth. It was hypothesized that
overweight would be lowest in the most recent generation of immigration (first-
generation), would increase with each additional generation in Canada, and would be
highest in non-immigrants (Aboriginal). Generation of immigration was found to predict
overweight in children and adolescents. In children, the results partially supported the
hypothesis. First-, second-, and mixed-generation immigrants had lower BMI than third-
generation immigrants, which had lower BMI than Aboriginal children. However, no
differences were observed between the three groups ofmore recent immigrants. In
adolescents, the hypothesized pattern of results was less apparent. As expected,
Aboriginal youth had the highest BMI and third-generation immigrants had higher BMI
than second- and mixed-generation immigrants. However, first-generation immigrants
had a higher BMI than second- and mixed-generations.
The finding that generation of immigration predicts overweight has been
previously documented in adolescent immigrants to the United States (Popkin & Udry,
1 998) and in adult immigrants to Canada (e.g., McDonald & Kennedy, 2005) and the
United States (e.g., Goel et al., 2004). Previous research has shown that foreign-born (i.e.,
first-generation) immigrants have lower prevalence of overweight than native-born (i.e.,
second-generation) immigrants. In particular, Popkin and Udry found that first-generation
adolescent immigrants had a lower prevalence of overweight than second- or third-
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generations, and there was no difference between the latter two generations. In contrast,
results from the current study showed that first-generation adolescent immigrants had
higher BMI than second- or mixed-generation immigrants. Several methodological and
measurement differences could account for these findings. First, the countries that were
studied (Canada vs. United States) differ in terms of immigration policies and
acculturation styles. Given that acculturation factors have been shown to be related to
overweight in adolescent immigrants (Gordon-Larsen et al., 2003), it is expected that
societal pressures and opportunities to acculturate would influence weight gain in
adolescent immigrants. Second, Popkin and Udry (1998) used percentage of overweight
as their dependent variable, while the current study used BMI percentiles. Creating BMI
categories can exaggerate differences when fluctuations in BMI occur near cut-offpoints.
The continuous measure of overweight using BMI percentiles is more precise. Finally,
the American study results were for Asian and Hispanic American immigrants, while the
current study examined the impact of generation of immigration across all races. Both
child and adolescent results are congruent with previous study findings that Aboriginal
youth have a higher prevalence of obesity than non-Aboriginal youth (e.g., Katzmarzyk,
2008).
Longitudinal patterns of overweight across generations of immigrants were also
examined. Specifically, it was hypothesized that first-generation immigrants' BMI would
increase with additional years in Canada and become more similar to second-generation
immigrants. A generation of immigration by age interaction was not observed in either
age group. Therefore, BMI trajectories across each age group do not differ between
generations of immigrants. However, first-generation immigrants had similar BMI to
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second- and mixed-generations in children aged 6-1 1 years, but first-generation had
higher BMI than second- and mixed-generations in adolescents aged 12-17 years. In
other words, weight relative to second- and mixed-generations was observed in first-
generation immigrants from childhood to adolescence. Note that the reporter of height
and weight also changed between childhood and adolescents, which may have to the
observed differences. This is the first study to examine weight status longitudinally in
immigrants, therefore comparable reference studies are not available. However, cross-
sectional studies of Canadian adults have reported weight gain in first-generation
immigrants with additional years spent in Canada (Cairney & Ostbye, 1998; McDonald
& Kennedy, 2005; Tremblay et al., 2005). The longitudinal nature of the current study
supports the idea that foreign-born immigrants gain weight relative native-born
immigrants with time spent in Canada, rather than the idea that weight differences are
due to cohort effects. This idea is further supported by the finding that only first-
generation immigrants (not second- or mixed-generation) had a relative increase in BMI
from childhood to adolescence. If all three of these generations had shown increases, we
may suspect that either puberty or change in reporter ofheight and weight equalizes BMI
across generations. However, it appears that there is something unique occurring with
first-generation immigrants. One possibility is that first-generation immigrants may be
more likely to undergo culture change due to a greater disparity between original and
dominant culture in these youth. This culture change (i.e., adoption of Canadian culture)
may lead to weight gain. On the other hand, second- and mixed-generations may undergo
less culture change (and therefore have less associated weight gain).
41
The hypothesis that race would be significantly related to overweight was
supported. Specifically, it was hypothesized that Asian groups would have lower BMI
percentiles than White, while other races would have higher BMI percentiles. In children,
only East and South Asian groups were lower than White, while South East Asian, Black,
Native, and Other races were higher. In adolescents, only East Asians had lower BMI
than White, while all other races had higher BMI. These results are similar to the 2004
Canadian Community Health Survey, which found that only Southeast/East Asians had
lower prevalence of overweight than White youth aged 2 to 17 years (Shields, 2006). The
hypothesis that the relationship between generation of immigration and BMI percentile
would be stronger for certain ethnic/racial groups was not supported in the current study.
Therefore, the observed relationship between generation of immigration and overweight
was found to be similar across all racial groups. This is in contrast to the findings in
Popkin and Udry (1998), who showed a larger increase in percentage of overweight from
first- to second-generation immigrants in Asian compared to Hispanic Americans, and a
possible lack of increase in White and Black immigrants (results were not presented).
However, the current findings were similar to Tremblay et al. 's (2005) findings, in which
each racial group had similar odds of being overweight across non-immigrants, recent
immigrants, and long-term immigrants.
In children, generation of immigration moderated the relationship between
acculturation factors and overweight. As predicted, speaking English and/or French as a
first language was associated with higher BMI than speaking another language in first-,
second-, and third-generation immigrants. However, the opposite relationship was
observed in mixed-generation and non-immigrants (speaking English and/or French was
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related to lower BMI). For non-immigrant Aboriginal children, speaking a language other
than English or French is likely associated with greater identification with Aboriginal
culture. This cultural identification may bring with it some of the dietary and lifestyle
practices that place Aboriginal Canadians at risk for obesity (Katzmarzyk, 2008).
Alternatively, both off-reserve Aboriginal and mixed-generation immigrant children
(with one parent born in Canada and one parent born elsewhere) likely identify with both
their heritage culture and the dominant Canadian culture. Speaking a language other than
English or French as a first language suggests greater identification with their heritage
culture than speaking one of the two national languages. This greater identification with
their heritage culture may mean that these children have to navigate between two
cultures, which may increase acculturative stress and lead to weight gain through
physiological pathways and overeating.
Gordon-Larsen et al. (2003) found a similar effect of acculturation factors in their
study of Hispanic immigrant adolescents. They showed that the overall effect of
acculturation, measured by language spoken at home arid the proportion of foreign-bora
neighbours, depended on the generation of immigration (foreign- vs. US-born). However,
neither individual measure of acculturation significantly predicted overweight alone. In
the current study, first language did not significantly predicted BMI percentile in
adolescents. It may be that our measure of acculturation (first language) is more relevant
in childhood than in adolescence. Alternatively, an additional measure of acculturation
may be necessary to reveal an effect in adolescence, as was seen in Gordon-Larsen et al.
(2003).
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To further investigate the acculturation findings in children, we conducted a post-
hoc analysis using a new predictor variable ("language change") that combined first
language and language able to conduct a conversation (measured at each cycle).
Language change had four levels: 1) first language was English and/or French and still
speak this language, 2) first language was English and/or French and another language
was learned later, 3) first language was Other and still speak this language, and 4) first
language was Other and no longer speak this language. Of particular interest were levels
3 and 4, since these tap into the acculturation process over time. For children, there was a
significant interaction between language change and generation of immigration (F =
2.90;/? < .001). Specifically, mixed-generation immigrants who could still speak their
"other" first language had lower mean BMI percentiles than those that could no longer
speak it (M = 62.64 percentile vs. M =76.07 percentile). Conversely, first-generation
immigrants who could still speak their "other" first language had higher mean BMI
percentiles than those that could no longer speak it (M = 61.80 vs. M = 39.89 percentile).
In other words, it may be adaptive for mixed-generation immigrant children to retain their
first language and for first-generation immigrant children to lose theirs. This may be
because mixed-generation immigrant children speak both English and/or French and
another language from birth, while first-generation immigrant children may need to learn
English or French when they arrive in Canada. These post-hoc findings help to untangle
meaning from the first language findings; however small sample sizes preclude definitive
conclusions about language change and BMI.
The current study used a nationally representative, longitudinal sample of
Canadian children and adolescents, which is a strength of this research. The weighted
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descriptive findings are representative of the Canadian population from which the
original cohort was sampled. In addition, the multilevel modeling findings demonstrate
relationships between various predictor variables and overweight in a large, longitudinal
sample of youth. Another strength of this study was to contribute to a gap in the literature
by examining the relationship between generation of immigration and overweight in
Canadian youth. We demonstrated that this relationship exists in Canadian children and
adolescents in addition to North American adults and American youth. Furthermore, by
dividing youth into five generations, we provided a more detailed analysis of this
relationship than previous research. Finally, we showed that the relationship between
generation of immigration and overweight remains even when age, gender, SES, race,
and acculturation have been accounted for. Overall, this study contributed to literature on
the healthy immigrant effect in children and adolescents, which is an understudied area.
The current study also examined the relationship between acculturation and overweight,
and showed that acculturation is related to overweight in children aged 6-1 1 years. The
finding that this relationship is different across generations of immigration in children
increases understanding of the process of weight gain in immigrants. These results evoke
questions about the different experience of acculturation, and its impact on overweight, in
childhood and in adolescence. Another strength was the longitudinal nature of the study,
which allowed for an investigation of BMI trajectories over time. This is an advantage
over cross-sectional studies. Finally, as previously mentioned, retaining body mass index
as a continuous variable by using BMI percentile as the dependent variable strengthened
the precision of the results.
One limitation of this study is the use of parent- and self-reported heights and
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weights to calculate BMI. These are less accurate and reliable than measured BMI;
however, parent- and self-reports have been used previously to document important
changes in overweight and obesity in Canadian youth (Tremblay & Willms, 2000).
Prevalence rates of overweight and obesity for adolescents in the current study (16.6%
and 5.1%) were similar to rates based on adolescent (11-16 years) self-reports from the
Canadian component of the 2001/02 Health Behaviour in School-Aged Children Survey
(15.0% and 4.6%; Janssen, Katzmarzyk, Boyce, King, & Pickett, 2004). Evidence
suggests that parent-reports lead to an overestimation of BMI and youth self-reports lead
to an underestimation of BMI (Shields, 2006). The opposite directions of this bias for
parent- and self-reports is another reason that these two age groups were kept separate for
analyses. The expected bias was found in the current study; parent-reports led to
overestimation and self-reports led to underestimation of overweight and obesity
compared to results from the 2004 Canadian Community Health Survey, which measured
height and weight (Shields). Children (whose parents reported height and weight) in the
current study had higher rates of overweight and obesity (27.5%, 15.5% vs. 25.8%,
8.0%), while adolescents (who self-reported height and weight) in the current study had
lower rates of overweight and obesity (females = 13.7%, 4.2%; males =19.6%, 6.0% vs.
females = 25.8%, 7.4%; males = 32.3%, 11.1%). Therefore, it is important to interpret the
current results with this systematic bias in mind. However, parent- and self-reports of
height and weight create less bias in mean BMI compared to percentage of overweight or
obese (Shields). Therefore, the use of BMI percentiles as the dependent variable in the
current study may have minimized the error induced by parent- and self-report.
A second limitation was that the oversampling of rural areas in the NLSCY led to
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undersampling of first-generation immigrants, even when weights were applied. It is
estimated that 1 5 to 20% of Canadian children are immigrants or refugees, yet less than
2% of the NLSCY sample was not born in Canada. Therefore, the results for the first-
generation group are less stable and generalizable. In addition, we were unable to
differentiate between country of origin and time since immigration given the small
sample size of this group. Similarly, the oversampling of rural areas led to small sample
sizes of non-White ethnoracial groups and youth who spoke a language other than
English or French as their first language. The current findings suggests that the observed
relationships exist, but additional research is needed to confirm these findings. Third, our
use of first language as a measure of acculturation may be seen as a limitation. Although
language has been used before to measure acculturation, it lacks precision, especially
with certain sub-populations (e.g., a French-speaking first-generation immigrant from
Haiti). In addition, spoken language is only one facet of culture, and this measure does
not tap into subjective differences in acculturation. An additional measure of
acculturation, such proportion of immigrant neighbours or an acculturation questionnaire,
would help to strengthen the use of first language as an acculturation factor. Fourth,
category creation may have influenced results. For instance, the generation of
immigration categories were created based on country ofbirth only. Therefore, it was not
possible to distinguish between immigrants, refugees, or those youth who were born in
another country for another reason. The acculturation literature defines acculturating
groups by three dimensions: voluntariness, movement, and permanence of contact. Ethnic
groups (or long-term immigrants) are groups residing in a plural society who have
established themselves voluntarily in a new society. Aboriginal peoples are involuntarily
47
involved in the acculturation process and they have not relocated, rather the larger society
came to them. There are two types of migrants: immigrants and refugees. Immigrants
have voluntarily chosen to leave their country of origin and relocate to a new country.
Refugees, on the other hand, have moved involuntarily from one country to another. The
final group may be called "sojourners." These are people who have voluntarily relocated
to a new country for work or school, but do not plan to remain there permanently. The
current study attempted to distinguish between ethnic groups (i.e., higher generations of
immigrants), Aboriginal peoples, and migrants (i.e., more recent generations of
immigrants); however, immigrants, refugees, and sojouners were all grouped together as
"first-generation immigrants," although their acculturation experience is different. It was
also assumed that the "person most knowledgeable" and their spouse were the two
parents, although the "person most knowledgeable" was not the biological parent in about
3% of observations and the spouse was not the biological parent in about 12% of
observations. In addition, having a spouse was not necessary for any categories, except
for mixed-generation immigrants (i.e., this was the only generation in which all youth had
two "parents"). Finally, exclusion of observations and youth with missing information
may have introduced bias into the results. In particular, we had to exclude a large number
of children who only participated in Cycle 1 because race was not measured at this cycle.
This study provides many avenues for future research. It will be important to
replicate the current results in a Canadian sample with a larger number of first-generation
immigrants, non-White youth, and youth that speak languages other than English or
French. This could be done by studying large urban centres such as Toronto, Vancouver,
or Montreal. In addition, it would be advisable to replicate these results using measured
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height and weight to decrease bias from self- and parent-report. Future research will
facilitate the understanding of the role of acculturation in the relative weight gain of first-
generation immigrants from childhood to adolescence. Additional measures of
acculturation should be employed in order to better understand this process. For example,
it is recommended that, in addition to objective measures of acculturation (i.e., language,
cultural composition of the neighbourhood), future studies employ subjective measures of
acculturation (i.e., questionnaires) to understand the individual experience of this process.
In addition, future study should begin to uncover the process by which acculturation is
related to overweight in immigrants. For instance, acculturative stress could be measured
to determine whether this is a major pathway toward weight gain. Similarly, cultural
practices surrounding eating and food, physical activity, financial resources, and social
support may be other important variables that underlie or explain the relationships
between acculturation and overweight. Furthermore, additional research on the factors
affecting the acculturation process (i.e., original cultural group, type of acculturating
group, acculturation style, policies of the receiving society) should be conducted on
acculturation in relation to weight gain. Finally, it is important that future research
continue to use longitudinal or prospective methods to observe these relationships over
time.
In summary, the current study examined the influence of generation of
immigration, acculturation, ethnicity/race, and socioeconomic status on overweight in a
nationally representative, longitudinal sample of Canadian children and adolescents.
Using multi-level modeling, results showed differences in overweight across the
generations of immigrants. Of note, first-generation immigrants showed relative weight
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gain from childhood to adolescence. Using first language as a measure of acculturation,
we found that the direction of the relationship between acculturation and BMI depended
on the generation of immigration in children. Future research will help to tease apart the
relationship between acculturation and BMI across generations of immigration. The
implications of these findings are that first-generation immigrant youth may be at risk for
weight gain, similar to their adult counterparts. The current study's findings, as well as
their limitations, highlight the need for public health research on the health of immigrant
youth in Canada. The eventual aim should be to introduce health policy to specifically
target recent immigrants with efforts to prevent unhealthy weight gain. Unique
intervention and prevention methods for this sub-population would need to take into
account the risk factor of acculturation.
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